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TEMPERATURE INFLUENCE ON PLANTING AND HARVEST DATES. 

I3y JOSEPH R. KINCER, Met,eorologist. 

[D:dcd: Wcallrr 13iire.ui. Washington. IWv. 15, 1919.1 

SyNoPsIs.-(l) There are certain restricted limits of t.inie ait.liill 
which mops must be plantecl for best results, detiiied by the tempera- 
ture con&tions of tlie locality. Tlie leiigt,li of tlie time eriod withjn 
which the planting of a iven crop may be acconiplidie8 declu.. wee. i n  
general With increase in  fatitude 

(2) A definite miount of heat'is required aft.er plnntiilg to 1Jring ti 
crop to maturity; as a rough nieasiire of this the accuniulnt.ed day- 
degrees of temperature ahove t.he mean t,eniperature at. whicli planting 
is accomplished. may be ta!:en. As thus computed there is very lit.t.le 
difference i n  tlie aniount of heat necessary t,o niat,ure nimt st,apl'e spriltg 
planted crops. when tlie average variet,y of Corn is coiisiderecl. It. 1s 
suggested that the mean temperature at wliirh t.lie plnnt,ing of :I given 
crop can be acconi lished be used as a base. or skirting point., fur any 
method that may k employed for teniperiil.rire sumn~aDion. inatend 
of a general base for all crops. If the frerluent.ly used Bo C. liase I.ie 
employed inthe caw of cotton. for esaniple, we would hegin tlie reckon- 
ing of effective temperatures i n  the vicinity of Ahilerw Tes.. almit 
three nionths before planting cnn begin. wi1.h a resulting indii.nt.c?d 
large accumulation of effective temperature before any growth i u  
possible. 

(3) Spring wheat seeding begins with a lower mean tempcratiire 
than any otlier major spring crop. Seeding u~unlly hegins in the 
Dak0t.m and i n  Nebrasi;a when the norninl daily te~iipe~it.ore rises t.o 
3 7 O  (F.) and in  Minneaoh and Wisconsin when 40' (1J.) is renrlie~l. 
Next in  tliernial order roiiies spring wits. t.he sectling of wliidi ii:~iiiilly 
begins when tlie riorinal d d y  t.eiiipcr:iture rises to -Is0 ( I C .  ) (i-orlrs- 

E:irly potato p h n t i y  
Cgiiis as n rille wlieii the norilia1 c1iiiily ternper:it.iire rises to 45- (,I:. 1. 
and corn when 5 5 O  (,F. ) is re*wlieJ. 'l'lits clnt,es on wliidi the 1nl.tt.r is 
re:ylied correalwntl rlowl;\. to tlir. nverkige c1:itea of lwt illiiig Fred in  
spnng. Cot,ton plauting usii;illy docs not. Iiegin iint.il tlic normd 
(1aily teniper;itnrc riags t.o a i w t .  The 1I:rtvs 011 wliidi this 
temper:it.we i H  rewlied voweq~on~l i*losely t.o the 1:it.eit. d:ites in qiring 
on which 1,illing t'iwt. Iiiis owiirrvd. 

(4) c'otton and corn arc warm-weathw crops and t.lie arms in wliicli 
successful production on :I coniniercial sctle ciin Le at*cwiiplislierl are 
limited principally by lmtli t.lie general tempernt.nre conditions a d  t,lir 
temperature a t  which plnnting niny be :wcompli3hhetl. These limit.* :we 
defined by an availaLle thtwnal constant of about l .t iOOo (I?. j lor corn 
and about ?,OOOo (P.) for cott.on., coni luted froni t.lie nornial tern wra- 
ture when planting usually hegins. it follows t,h:it, if cott.on conh 11e 
planted with m low temperatures ns corn plant.ing is accomplished. t,he 

.cotton area would be materially iucremed. 
(5) Owing to the relatively large thermal reqiiirenient.~ of corn and 

cotton, a comparrdively wzrm spring is necessary for best. results of 
germination and early growth. Thus there is n rlose relat.ion Iwt,\reen 
the sprin teni eratures and the condition of t.hese crops to certain 
dates i n  t i e  ea& stiges of growth. 

Those who have occasion to travel froni one section of 
the .United States t,o another and notme farm activities in 
different localities, such as the planting nncl harvest,ing 
of the various crops, are impressed with the wide tliffcr- 
ence in calendar tinie of these olwat,ions in the northern 
iortions of the country as compared with t.he sout.licru. 
khese differences are clue, of course, to clima.tic COP- 
ditions, particularly to the teni jerature, which vaiies 

Long  the himediate Gulf 8oa.st. the normal daily t.em- 
perature, for example, does not go lower than 5Y(F.) in 
winter, but in northeastern Xorth Dakota niicl northern 
Minnesota a daily mean of zero or slightl lower, is 
reached in mid-winter. 
which skirts the Gulf Coast about the middle of January 
advances northward as the season progresses, reaching 
western Tennessee about the middle of March, southern 
Iowa about the middle of A nil, and tlie north-central 

meantime, the tern erature along the Gulf Coast has 

month period being about hdf as fast on this coast, as in 
the north-central border States. 

Regardless of the particular crop, or locality in which 
grown, there are certain definite limits of time within 

nding to the advent, of tlie vegetative period ). 

(17.1. 

. 

reatly with the latitude, es ecial 1 y in the winter season. 

The 53'(.F.) isot T iernial line 

border of the country about t !I ie middle of Mag. In  the 

risen to about i 5 " (  P .), the rate of increase for the four- 

which plii.nt,ing must! be nccomplished for best results; 
and in much af the country, part,icularly in the central 
and northern districts, t,liis period is of comparatively 
short duration for a given c rop  These limits are defined 
by the tcni )erature conditions of the ldcditsy, and while 
the tlieniia ! influence is obvious. the details of its control, 
or the incasure of the significant temperature that, tells us 
whcn the season for planting N particular crop has arrived, 
are not so generdl3- known. Consequenbly, i t  is tlie object 
of this 1)iipc.r t.c) st.udy in sonie cletiiil certain significant 
t,einprature values that seem to  estaldish the average 
spring plnnting dates of the l?rincipal agricultural prod- 
wts of die country, and dso  the heat necessary to bring 
tlicni to mat,uritj- d t e r  planting. These details of the 
relation of tempera tm.e to h i  tmg and harl est,ing dates 

ntlv nnt,iige. For esnnillle, n farmer contemplating moving 
from southern Ccoipin to, say, eastern Sebrns!x w-ould 
c1oul)tlees linow t . h t  t.lic jrrolm plnntiiig dii.tes for his 
corii. oat.a. put.:it,cies, etc., iii t.lie new lol.ii.tion wou1.d 
tli1Fc.r grettt.ly from t,lic.,st? t.o n.liic*li he hnll hrcn nt'cus- 
tonietl. but, he iwdiitljly w ~ u l c l  not he awwe of tlie fa.ct. 
that the Wc.:tther Bumm ~PNJRIS for enstern Nebrasl;a, 
])rolwr!~- int,cr ,ret,ril. ii1ilicii.t.e t.he time iit udiich these 

A ccrtniii amouiit of w ~ r m  th is necessw.~ for the 
gerniinntion of see( Is. tlis miount required dilrering for 
seeds of different p1:tnts. Whnt.  i i n d  cults germinate a t  
a rnuch lower tempcriiture t h m  does corn, and corn in 
turn requires less n.nrnitfi for successful germination 
thim does C.ot,tOn. Thus, some crops ni2y he planted 
earlier in spring thin ot.liers. In acltlition, ti definite 
amount of heat is rcquirecl nftrr planting to bring n crop 
to mat.urity. A s  a ~ o u g h  nie:wure of this heat! there may 
be used what is known :is the " tlicrnial constant," 
which refers to t.lic? t u  t.nl, or nccumulnted day-degee.3 in 
excess of some sigiiificnii t temperature taken :is a stwting 

Tiir-estigst.ors tlifler as to the temperature value 

but for spring-seeded c r o p  it is 1)elieve.d that the start- 
ing p i n t  slioultl be the mean tenipeniture a t  the date of 
seeding.' The mct'hod for obtaining the thermal con- 
stniit is quitme siniplc. For esnniplc., if it is desired to 
compute this vnluc? for corn in B 1ucdit.v wliere the 
norniril temperature is 5 5 O ( E ' . )  nt tho aver2.p date of 

, :u!d the memi teniperttture for iuiy month 
c YlrL1lting urine tile growing season is 75"(F.) , the thernial constant 
for tf;at month ~ o u l i l  be 75"(E'.) -55'(P.) =20°(F.), 
multiplied by the number of clays in the month. If tlie 
nornittl daily temperature for ttnp portion of a month 
should be less than 55OiF.1, however, these days should 
be omitted, and only those d:tys used wliich have a 
mean daily temperature of 56"(F.) or higher. 

The thernial constant of a prticulttr plant and the 
teniperature a t  which plantiug may be acconiplhhcd 
cleteriiiine whether or not the temperature conditions in 
H given locality are favorable for its niaturity. 

While the normal daily temperature a t  which planting 
usually begins cliff ers for different liuits, these measures 
are quite uniform for tlie same Jint regardless of the 
locality, and it follows that when this slgnificant tem- 
perature for n particular plant is k i i o ~ n ,  map may be 

are iiit,erestinp nncl can o 1 ten be used to considerable 

nc.t.ivit.irs slic.~u \ 11 lwgin, on t.Iie ti\ erqe .  in that locality. 

Put* ioni which the t.lieriiia1 constnnt should he calculated, 

1 See the effect of wenther lipon the yield of corn by Prnr. J. Warren Smith, MONTHLY 
WE.4THER REVIEW, 42, pp. %-W, February, 1914. 
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drawn for the entire country based on this value, which 
will indicate approxiniatelv the average safe date for 
the beginning of seeding. h c e s  in the northern United 
States where there are more hours of sunshine, other 
localities where cloudiness is slight, and still others 
where on account of nltitudc? or clr-vness the sunlight is 
more intense, will usually have somewhat lower sitfe 

lanting temperatures than regions where the suninier 
z a p  are shorter, or cloudier, or where a high moisture 
content of the air may kee the sunlight relatively weak. 

sunlight as well as on air temperature. (See pp. 337328). 
The following summary indicates for the country east 

of the Rocky Mountains the norninl daily temperatures 
a t  which planting of the more iniportant crops usually 
begins in spring, and also the dates on which the tenipera- 

This is because soil and p \ ant temperatures depend on 

i t  riaea to 40°(F.). Figure 1 indicates t,he dates on which 
these temperatures are reached in t,he different portions 
of t.he spring. wheat belt. The seeding begins in the 
sout,herii port.ion of t,he belt about the 20t)h of March 
rtnrl progresses northward at an avera,oe rate of about 
10 miles a day, reaching northeastern North Dakota a.nd 
northern Minnesota ahout, the midtlle of April, the iso- 
chronal line keeping pace with the iaothernial line indi- 
cated. The sowing of spring wheat becomes general 
about 10 days after the time of beginning. 

SPRING OATS. 

The successful growth of spring oat.8 is not so geo- 
graphically restricted n s  is that of spring wheat, there 
being more or less of this crop grown in nearly all sec- 

1 

FIG. 1. Date in spring when the normal daily temperature rises to 37' in thr western spring whcpt belt and to 40° in the eastern (corresponding to the average date on which 
spring wheat seeding begins). 

ture rises to these values in the different sections of this 
area. The plantin and liarvesting dates used for 

based on numerous re orts c.ollecte8 by the Bureau of 

(See 0. E. Baker, C. F. Brooks, and R. G. Hainsworth, 
"A Gra hic Summary of Seasonal Work on Farm 
Crops," fearbook of the U. S. Department of Agriculture, 
1917, pp. 537-559, 90, figs., see pages 333-337 below.) 

determination of t P le correspondino temperatures are 

Crop Estimates and t K e Office of Farm Management. 

SPRINQ WHEAT. 

The principal sprino-wheat . belt comprises the States 
of Minnesota and the h k o t a s .  From a thermal stancl- 
point spring wheat is seeded earlier than anv of the 
other ma'or cro s. Sowino usually be ins in the Dako- 

rises to 37'(F.), and in Minnesota and Wisconsm when 
tas and kebrasta when tfie normal c f aily temperature 

tions of t,he United States. The principal spring-oat 
belt, however (see fig. 2), consists of a crescent-shaped 
area, estending from New England to North Dakota, 
bounded on the north by the Great Lakes and on the 
south and west by a curved line extencling across central 
Ohio, Illinois, eastern Nebraska, and thence northwest- 
wa.ri1 along the Missouri River. Spring 0at.s is the second 
in order of tem erature of the sprin crops sown. Seed- 

temperature rises to 43O(F.)., escept in an area corn ris- 
ing Oklahoma, Kansas, Missouri, and the lower 8hio 
Valley, where i t  begins while the temperature is about 
3"(F.) lower. Seeding begins in the central and southern 
Gulf States a t  higher temperatures than 43'(F), due to 
the fact that the normal daily temperature does not go as 
low as 43O(F.) in that area. is 

noted that spring-oat seedmg begins simultaneously with 

ing hegins nort I? of the Gulf States w % en t,he normal daily 

Very little of this cro 
grown, however, in these poutheSn districts. It wil f be 
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the advent of the vegetative period in spring; this also 
corresponds to the t.ime when the nornial cla.ily niinimuni 
temperature passes above t,he frost line (3Oo(P.)). 

F~gure  3 shows t,he northwnrcl progression of t.lie nleit 11 
daily isotherm .corresponding to t,he average dii.te3 011 
which oat seeding begins. It, will be noted t.lizit. it. re- 
quires a period of two mont,hs for this work to inore 
northward from central Oklahoma to southeast,ern Nortdi 
Dakota, an average rate of about, 13 miles a day, ~ l t ~ h o ~ ~ g h  
the rogress is much faster fr.om cent,ral Nebraska nor.th- 

advances. The dotted line on figure 4 s lows the sout,hern 
limit of the mea in which the mean daily temperature 
falls below 43" (F.) in winter. 

\ warc P , clue to the rapid increase in tem >era.t,ure iis spring 

the northern border States by May 1. Thus tlie planting 
of enrly 1)" tn toes usually begins in northern Mississippi 
~ I L O U  t Felmiiiry 13 and in northern T'lrisconsiii two and 
one-half months Inter, hut, in each locality when the 
normal daily tempcrature rises t.0 -45'W.). 

CORK. 

Owing to the greater thermal requirements of corn for 
germination iincl growth this crop can not be planted 
until t.he soil becomes much warmer than is necessary for 
spring wheat, otits, or potatoes (see fig. G and compare 
with figs. 2 and 4). The temperature a t  which corn 
planting usuiilly hezins varies slightly for different sec- 

EARLY POTATOES. 

The normal dail t.emperature R t, which early pot.ri.lo 

spring oats (see fig. 4). This operat.ion begins, on t.lie 
average, when Ohe tenipera.ture rises t,o 4Fjo(F.), except. 
in the Gulf coast, section where mean daily temperatures 
as low as this are not reached during the winter. 
5 shows t,he northward progression of the 45'( .)- 
isot,herm, which corresponds almost exactly to the gen- 
eral progress of t,he isochronal line of the .heginning of 
early potato plaiit,ing north of t.he 45'-limit shown on 
the chart. I n  the niore sout,liern clistric,.t,s planting rlnt.es 
range from the latter part of December 111 centrat1 I'loritlit 
to about, Fehruary 10 in the centra! Gulf St.ates. The 
tempera t,ures in these southern locsli t,ies range from .!io0 
(F.) in the nort.he!a port.ion to 60"iF.) in central Floritln, 
as shown on figure 5. The 45"(F.) isot,herm crosses the 
nort,hern port.ion of the Gulf +tes a.hout, February 15 t ind  
mwes thence northward siniult.aneously with t,l!e iso- 
chronal line of the beginning of enrly potnto pliciitmg, to 

pln.nt,ing begins fol T ows soon after t.hat. for t.he sowing of 

FigFure 

tions of t.hc country, hut. is geticrdly from 5a0(F.) to 57' 
(V.), 01- a.l)out 10' higher t.hm for early potatoes and 
15"tF.) higher than for spring wheat. Figure 7 shows 
t,lic normnl daily t.emperature for diffc.rentn sections of the 
country east. of the Rocky Mount,nins ata which c.orii 
planting begins on the. nverage ?mcl also the dates on 
which this t,em erature is ren.ched in the several localities. 

Plains corn >lant,ing begins while the normal da.ily tem- 
pernt.ure is €!-om 3"(F.) t.0 ri"(P.) lower than in ot.her 
sect.ions of the count,ry, which causes a slight northward 
betid in the isochronal 1inc.s in t.hab area. However, 
when it, is coneiilerctl tha t. plnnting.begiiis in the extreme 
South shout 3 niont.lis e:trlier t,han in the northern border 
Sfn tes, the unifurmity in tlie planting t.emperatmes for 
t.he vnrious sections is not,ewqrt,hy. It, should also be 
noted tdiat, a mean claily t m i  erature of 55"(F.) in spring 

It. will be notet P bliat, in a small area of the southern Great 

corresponds t,o the average c P ate of the last killing frost,.' 

I t'/. J. n. Ginccr. Rrlil inn hetwen Vcgetalivr and Frostlcss Pcriods, ~ ~ I O A T ~ I L Y  
~ V E L T H E I ~  REVIEW, 1919, 47: 10d-110. 
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WG. 5. Date in spring when the normal daily temperature rises to 45' (corresponding to the average dstr on which early potato seeding begins). 

FIG. 6. 
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Therefore a map showing the average dates of the last! 
killing frost in spring iritlicnt,es also, npproximntrly. thc 
average dates of the beginning of corn plmtinp. 

COTTON. 

Cotton requires for sntisfnctory gerniiiin ticrn ant1 en.rly 
growth more warmth t,lian is re uired for m y  of t,he other 

not be planted unt,il the soil is t,horou lily warm, anrl coil- 

portion of t,lie beh until the nonnnl cyaily t.eniperat.ure 
rises to 60°(F.) or 62O(Ii’.), and not in the western portion 
until 61°(F.) to 63O(F.) is reached. Figure 9 shows the 
dates on which the rises bo t>liese vn.lues in 
the different sections cotton belt., which corrcsponds 
to the average time when plant,ing begins (see fig. 8) .  

st.aple crops grown in the Unitm ? St,ates. C’otkon seed can 

sequently plantino usually does not f leain in t.he eastern 

Figures 10 t.o 1 3  sliow gra.pliicdly t-lie time of the 
beginning of plnnting and of harvest of the crops dis- 
cussed n.hox-e in t.lieir t.emperatrure and geographic. rela- 
tion. T h e j  represent a belt est,ending across the country 
from nort.liern North Dnliot,a sout.heastwart1 to southern 
Georgia.. C+raph No. 1 (fig. 10) represenDs trhe area in 
Nort,li 1)a.kotn between P,isma.rck anrl Devils Lake; No. 3 
(fig. l l ) ,  east, cent,ral Nebraska; No. 3 (fig. 131, extreme 
western Tennessee; a.nd No. 1 (fig. 131, southern Georgia 
between hhcon and Thoniasville. 

The ends of the heavy arcs wit,liin t,lie circles of each 
gmph show, respec tivcly, t,he h i e  of the beginnin 
planting and of 1ia.rvest of t,he several cro 1s named. 5;; 
figures d l i i n  the circle show t,he annua I march of tern- 
Ierature for the respective localities by 10-day intervals. 
khis fncilitat.es n coni mrison of the t,emperatures at 
which t,liese nperat,iona \ jegin in the different and widely 

Tliese dates vary frwn the first, of Mnrcli in est,reinc 
southern Tesna t.0 the Ins tr decittle in April in t,he nort,lirrn 
portion of blie belt). 

It is interesting to note t.he bwo extreme temperti.t,ure 
requirements for plnnt,ing t,he s t,aple crops grown in t.he 
United St.ates, spring wheat. and cotkon, t h n  fornirr c i n -  
ing into best development, only in t,he nort.liern port,ioiis 
of the country, and the latter only in thr southern. We 
find that, spring wheat. ni1i.y be hmtcd miien t.lie normal 
daily temperatmure rises to :37”~.d’.). nntl t.lint. cottm RS n 
rule will not germinate sittisfnctorily if >lan t.cd before t1i.e 

c.ount.ry affords opportunit,y for t.he growing on a large 
commercial scale of t.hese two import,ant. crops, requiring 
such a large diff erence in temperatmure conrlit.ions for suc- 
cessful development,, emphasizes it,s gcogritphic magni- 
tude and diversity of dimat,e. 

daily temperature rises t,o 60°(,F.). 4 he fact. t.liat, t,liis 

sepnrnt,etl locn.lit,ics. Tliese grii.plis bring out in tl.11 inter- 
eshig may t.he short. space of t.inie wit.liin which t.he staple 
spriiia cro )F.: must ha plnnt,ed in nrirthern clist.rict,s as corn- 
pareg wit, \ 1 the sout,liern sect.ion of t,he count,ry. In 
nort,hern North Ddwt,n, for example, t.he pla.nting of the 
four crops shown in figure 10 should begin within a period 
est,rnrling but. alight.ly over one mont,li, wliile in southern 
Georgia t,he lwgiiinincr of plan t.ing of bhe several crops may 
ext.enrl over 2% pcriorT of nhout. t,wo and onc-half months. 
It will be n(ot,e!c-l also that, for n particulitr crop rown in 

t,emperature. The harx-esting of corn is shown as the 
t,ime when cut,t.ing a.nd shocking begin, which, however, 
is not. the grnern.1 niet.lior1 of harvest. in all localities, but 
is t,he coninion pract.ice in t>he dairy 8t.ntes of the North, 
alsn in Ohio, West, Yirgiiiin,, Mn.ryland, Virginia, and por- 
t.ions of I<ent.ucky s l id  Missouri. 

enr!i loca.lit,y plnnting is l.)egun at, pract~icallp t, F ie same 
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FIG. Y. 

FI~. 8. Date ;in cotton belt on whlch the n!trmal daily temperature rises to 63' west of the hlississippi Hiver anc: bo (io' east (corresponding to the average dote on which CottoU planting beglns). 
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FIG. 12. FIG. 13. 

Rcs. 10-13, Aiiniaal Iwmh 01 teinperarure by Id&y intwvJu sud Oh? time rlf t~cginning of plantiilg and of harvcst of certain crops. 
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m h .  1-10. 
Nch. 11-20. 
Mrh. 21-31. 
Apr. 1-in- 
Apr. 11-24). 
Apr. 31-30. 

rvhk 11-30. 
hlnk 21-31. 
June 1-10. 
Juiie 11-20. 
June 21431. 
Julv 1-10. 
Jllli. 11-n. 
Juli- 21-31. 
A i k .  1-10. 
All& 11-XI. 
An$!. 21-21. 
Sept. 1-111. 
?rid. 11-21. 
SCl't. 51-XI. 
IWt. 1-10. 
( I C t .  11-20. 
I wt. ?l-31. 
SOV. 1-111. 
911v. 11-14. 

M8V 1-10. 

THERMAL CIONSTANT. 

Table 1 shows for various s;pi:t ions of the couut,r>- tdie 
tJiernin.1 const,ant, for corn nncl qwing ont.s, coniputeil 
froin the normal daily t.enipera.ture from the it~rrug:~! 
date of t,he beginning of plnnt.ing t,o the avcrnge clntr of 
t,he beginning of harvest.. tw ?,efore inrlicat,ed. Tllr SUC- 
cessful growth of corn is liniit,etl 1)y t.cmper$Urt> (wi- 
clit.ions, but, t o  ti dc.c.itletlly less tlegrcc t h l  1s ri-it.tmi. 
Owiiig to t,he fact that. corn c m  not he plant.cd unt,il t,lw 
memi tlnily temperature rises to ahc!ut 55O(P.), t.l?o 
thermal cons tnnt Jmvc t,liie va.luc is not, large enough I ri 
the est,reme northern locnlitks t,o bring the crop t,o 
maturity. This has been overcome t.0 some est,en t,, 
ho vever, by planting quick mat.uring niriebies, but even 
by this practice the crop is not, rornniercia.lly profit,nblc 
in t,he nort.liern t.ier of Sta.t,es, ewe >t, in t,he sout.hern 

the northeasbern St&es, or unrth of n line est,eiic ing froni 
the central portion of the lower peninsulii of Illichig.an 
through the c e n t d  pcirt.ions of Wisconsin and hlm- 
nesot,a: or in Nort,li Da1cot.n and Mont.ana., and from the 
Rocky Mount,nins west,w-artl. 

F portions of some of them. Very lit,t \ c. corn is rown in 

TABLE 1.-Thrnnal c o i t ~ t a ~ i t ~ f n r  cor11 a d  oat?, dcc1t .d lornlilir. a. 

(F.) 
13 
44 . 100 
in 
270 
391 
537 
708 
915 

1127 
13.53 
1580 
1835 
m 5  33w 
2G10 
2sYI 
3104 
3321 
3521 
3c97 
384.5 :mn 
4045 
4I1Ri 
4091; 

Ma-: 1-10, 
Ma;. Ma) 21-31: 11-211 

June 1-10. 
Jiuir 11-20. 
June 31-30. 
Jii lr  1-11). 
Jnh 11-?1l. 
Jill? 41-31. 
.\lip. 1-11). 
bug. 11-2J. 
Ang. ?I-21. 
Z t * p l .  1-11?. 
ScqBt. 11-31. 
Sept.. 51-:+11. 
111:t. 1-111. 
l I ( . I .  11-13. 

Table 1 shows that tlie therina.1 constant for corn in 
the priucjpal producing tirens ranges from l G O O o ( F .  1 t,o 
1800°(F.), but fart.hcr north, in aout.hern Micliigan ant1 
eastern South nakota for esaniple, it is from 14Oo"(P.) 
to 16OOo(F. 1, due to the >Irtnt.jiip of early-ninturing 

extent, t.0 the longer suninier clays in t.he North. In some 
southern localities where slow-w-ninturiiig varieties arc 
plant.etl, it runs ns high as 38OO"(P.). 

Tahltb 2 shows for sclrct.etl liw:i.Iit.ics, rcprcwiit.ing :I hi1 t. 
extending acrws the count.ry frmi nort.liwewt. t,o sout.llci\at., 
the pot.entia1 therniaJ const,nn t ,  or t.1iti.t a\-nilnble for corn 
derelopnient: that. is, for t.hc pericrtl est,eiidiiig from t,lle 
average (late of the beginning of plant,ing to t,he a\-ern,gc 
dat,e of t,he first killing frost in fnll., The record fc)r 
Devils Lake shows clearly why corn can not. be success- 
fully grown in t,hc est,rrnic nc-wtlicrn 1ocnlit.ics. The po- 
tentrial bliennal const.n.nt for this lI~calit,y is only 1360~  
(F.) while Tnhlc 1 sliows t h t ,  &out. l G I : ) [ : ) O ( F . )  is reqiiircil 
for successful commercin.1 grcn-di. While t,lic thernid 

varieties, as hefore indicatec i , and ~)o.ssildy due t.0 soinc 

* (F.) 
25 

184 s3 
3l)i 
435 
6% 
S I X  

10115 
1% 
1412 
1.591 
l i l r  
lSib 
1%?2 
3 n l i  
211; 
311; 

cmst.ltnt. is thus deficient, in the Nort,h, it) is int.ereat.ing to 
1iot.e tdie large surpl~is tiva.ilal>le in the Silut.h : in southern 
Cfeorgin., for esnrnple, t.he pot.cwtin.1 t~liernial constant, is 
ovrr ~ o ~ ~ O o  (F. ) ?  wliicli is more thin clou1:~le t.he amounta 
ncressnry t.o iiin.t.ure the nvern.ge variety of corn. Figure 
14 cnii tn1st.s gr:ipliicdy the pot,en titi1 thermal constmt for 
t.he locnlities rrl>resc~~ t.ed in Tilhle 3. 

May 1.520.. 
Nay ?1-31.. 
June 1-in.. 
June 11-20.. 
June ?1-30.. 
JUIV 1-10.. 
Juli. 11-31.. 
Julk 21-31.. 
An&!. 1-10.. 
Allg. 11-21.. 
Aug. 51-31.. 
srpt. 1-10., 
Prpt. 11-15.. 

Devils I.ake, N. Dat 

' IF.) 
3 
45 

110 
W 
331 
4i.L 
(i?B 
.SI0 
(45 

101;!J 
11ilj 

1250 
mi 

Mch. 23-31. 
Apr. 1-10. 
Apr. 11-Zn. 
A r. 2140. 

MiG. 11-20. 
Ma) 31-31. 
June 1-11>. 
June 11-?O. 
June 31-30. 
July 1-10. 
July 11-21. 
Julr 21-31. 

h? nv 1-10. 

An:. nnp. 11-211. 1-111. 
;\up. ?I-:<l. 
s;Cpt. 1-11]. 

srpt. 31-31. 
Pelst. J l - 2 J .  

f->cl. 1-10. 
I let. 11-2IJ. 
, !Ct .  21-31. 
?<,,v. 1- '3. 

* (F.) 
0 

I8 
11s 
311 
344 
XI1 
7111 
!U&J 

1137 
13.U 
1634 
18SI 
21Sn 

2424 4Iii<l 
2!EI 
3l:;l 
%14 
3IG3 
%Ai!> 
3IGli 
3IiW 
3I89li 

Soiithern Mii'higin.. ............................................. 
Eastern South l?akota. ........................................... 
Emtcrn Kel,r;lska.. .............................................. 
antral Iowa.. ................................................... 
Central Illlnols.. ................................................. 
Central ollio.. ................................................... 
Southenstern €'ennsyl\~anls.. ..................................... 
Enst-rrntrd Xnrt.11 Carolina.. .................................. ._I 
Esstern Tennessee.. .............................................. 
Central South Cnr?lino.. ......................................... 
Central Alshams.. ............................................... 
Central Mi.wnirl.. ................................................ 
E&t-wntral Arkansas.. .......................................... 
Central i i k l ~ l i o m ~ .  ............................................... 
Eastmi Texis.. .................................................. 
_____..__. .... 

Thomasdle, Ga. 

. i-- 
1.416 I .  SR7 
1. .W5 ?,Ills 
1 S11 4,1111; 
I:WII 2.1nlri 
1,W? ? . l M  
1.757 5.1:IP 
l,YJ5 2 2114 
2.5li3 lisir. 
3 483 2 , W  
$A13 l,W 
?.iW 1.s45 
2.3nO 1.91fi 
2, W.1 P.111il 
2,729 2.1'15 
2.513 1.RL.l 

.. .- . 

It is also iiitcArrsting t o  1llJtl' that tlie large difierence 
in the tlicwtinl constmt fur corn lJet\VWll the nvrtherii 
ancl the southern lolditirs, as shown in Tnhle 1, does nqt 
nist  in  tlic V:I+P of oats. 'L'lic reason fair this is thnt this 

O F .  
J200 
4wo 
3800 
3600 
9400 

a200 

3000 

2800 
2600 

2400 

2200 
2 m o  
I800 

/600 

I400 

1200 

I O 0 0  
800 
600 

400 
200 

0 
FIG. 11. The arcuniiil:ilrd ihv4=crers of tcmp~~mtiirr! fnr selrclrd stntiuns I thermal 

cnristnnt I in CXCC<L nf lhc &3n dnilr temperaturc :11 thc I t'ciiiniiig of corn planting 
until thr avrr:tgr chtc ilt thc tirst ki~iing tr;.at in f:111 lscr ' r i a t d t b  2). 

crop is plnntcrl at temperatures about 13"(F.) lowcr than 
c ~ r i i ~  :uitl conseqiientlg the thcrmnl constant is ample for 
maturity, ninhing it iinnecc'ssnrj- to dewlop special 
mricties, RS in the case of corn. 

The tliernial constant for cot ton romputetl from the 
mean daily trmpernture at the xrernge date of the hegin- 
niiig of planting to the avt.rape date of the heginling of 
linrycst in sclcctctl lwxlities in tlir cotton belt is ns fol- 
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lows: Raleigh, N. C., 1S6Oo(F.); Thorn~c~ville, OR., 1975' 
(F.) : Montgomery, Ala., lDrn:P(F.) : Lit.t.le Hock, Ark., 
1910°(F.) ; Oklahoma, Okla., lS20°(F.') : ancl Cfdrest.on, 
Tes., 1810°(F.). The nieaii cMy tmil~ern.t.ure a.t, t.lit? 
average date of beginning of pl,lant.ing in thew rcspect,i.\-e 
localities is: Rdeigh, 60°(F.) : Thoma.sville, Gl'(k'.) ; 
Montgomery, 62O(F.) ; Little K.ock, 62'IF.) : Oltlnlioma, 
61°(F.) ; Gaheston, G 3 O i F . i .  The area in which cotton 
can be successfully rown in commercial clutiiit.ity hns a 

about 2000O thermal const.nnt, bet.weeii the n(irnin.1 tlclily 
temperature at the hginning of plttnt.ing and t.lie areraga 
date of the fimt killing frost. in fall as is shown hy tho 
records for the following locslities nenr t.he northern fimit,s 
of the belt: Norfolk, Va., 2010' (F.) : R.aleigh. N. C., Y190° 
(F.); Chattanoo a, Teiin., 2000"(F.) : Fort Sniit.h, Ark., 
2040°(F.) ; Otlafoma, Okla., 21SO*(F.). Some cot.t.on 
is grown a little nort,li of Raleigh and Oklnhonia, Ijut. w r y  
little north o€ the other 1)oint.s named (see fig. SI. 

By comparing the t.hernia1 coiistzmt for cotto1i t,lius 
computed with that, for corn in tlic principal corn belt, 

well defined therma f limit. This limit. is cstnhlished hy 

* * Q  * - c Q  g 1 .k 8 8 8 $ 3  ; $ 9  $ p 3 
am 115 

aw 112 
800 IW 
irS0 /ob 
ill0 la3 
650 /CW 

600 9 ' .  

I12 

m 
800 ILV 
7w la, 
700 97 
650 PI 
600 91 
550 89 
500 B5 
450 82 

73 

Fro. 15. .4rcumulated tempcrsture ahore (the norinnl nivnn daily teniperntiiri. 
correspondin to the average date of lwginning of ridton plnntingl fnr thP nirmr!is 
of May and fun, and the rnndition nf rotton nn Jiinr 2: exprewrrl in wrvntngc 
of the averilgr ron'dition for the 14-yP3r period. 1903-191q, ns regwlpd 181- thr Lli~rcni~ 
of Crop Estimates. 

and, y e r d y ,  for oat.s, as shown in Tnl)le 1 it, mi!J 110 
seen t int there is very lit,t.le dilTcrcncc in t.lic- nmount of 
heat necmsary, when niensuretl hy nc.cumulatetl tcmpe- 
rnture above the t.empern t,urc at, d8i.t.c of plaii t.iiiq, t.o liriiig 
these different. crops t.o nint.urit.y, not,wi t.list,nncling oats is 
classed as a cool-weather crop. In t,lie c ~ e  crf rot.tiiI1, 
however, the plant,s coiit,iiiue t.o ilerclop iiow €ruit. long 
after that first forincd reaches niaturiby, t,lius reyuirinp a 
longergrowing senson forprocluct.ion on n ciinimcrcinl scnle. 
For successful gerniination and sat.isfiwt,c)ry growth in 
its early stages of development cot,t.oii requires :hi) a 
comparatively warni spring. prticulnrlj- in t.lio northern 

ortions of the belt. wlierc t,enipern t.ures nrp iiornially 
kwer than farther snutli. Fieure 15 sliiiw-s fi)r Nort,li 
Carolina and Oklahoma for die mont.Iis of M:iy ant1 
June, and for each year from 1905 t.o 191S, inclusiw, the 
accumulated temperature ahove 60"W.) (the t.emper:iture 
at, which cot,ton planting usually hcgins! , and :ilso t,hr 
condition of cottoii on June 35. expressed in perceiitnges 
of the 14-year average condition, ns report,ccl 1:~y t,hr 
Bureau of Cron Estimates. The solid lines slii:~w t.he 

t.empernt,ure. It! will he seen from these raphs that, in 
genrrd, t.liere is a close relat.ion between t. k ie ten1 erature 
cnnrlit,inns (luring 1,itiq' and ~ u n e  a n t 1  the conition of 
cnt.t.on at. the close of t h  latter niont.li. 

There is nlso n well-defined relation hetween the June 
t.cAnipern.ture it.nd t,he (widition of corii a.t. t.he close of that 
moiit.li, RB is indicat~c~tl ?by Table 3 aiitl figures 16 to 19. 
Talde :% slic~ws for the St.at.es of Iowa, Illinois, Indiana, 
ant1 Ohin t,he accuniula t.cd toiiipcrat~ure a.bove 55'(F.) 

FIG. 16. 

FIG. 18. 

FIGS. It: to 19. inclnsiv~. slim,. for the States of Iowa. Illinois. Indiann. and Ohio. the 
:1rrI.untihtPd temperattire aim-e 55' ( the  norms1 daily beniperature at the average 
r h t r  of hqinning of mrn plsnting) for the mnnt.li nf Jime. and nlso the condition 
d rnrii nn Tiilr 1 esl)rc*aed in pcrrrntage nf the iavenlgp ronflitiun for the &year 
prriwl i w 4 h i s .  as repnrted hy the Burcsii of Crnp Entimntcs lser Tol>le 3). [--corn; 
_. Imiprrnlurc.] 

(t  he normal iiienii clnily t,cmpern.t,ure at. blie arerage date 
of thr begiiining of corn pln.nt.iiigl for t>he inoiitli of June, 
:incl a.lao t.he cantlit~ic~n of corn on July 1 ,  espressed in per- 
~ e i i  t a p  of t.lic awrage condition for t,he 16-year period 
1 ~):3-191s, RS report.cd by the Bureau of Crop Est.iniates. 
It. will be secii from these graphs that in most cases there 
is a vcrv close relat.ion between the June ternmrature and 
the coliclition of corn 011 ~ u l y  1 ,  as tlius rephetl .  

tlir geriiiiiiation of corn, ns inclicittecl by figure 20. 
It is also of interest to note the efFect of temperature on 

The condition of cot'ton ancl the broken lines the tit-cumulittcil 
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year. 

~ 

1903 ....... 
1m ....... 
1906 ....... 
1907 ....... 
190s ....... 
1m ....... 
1910 ....... 
1912 ....... 
1911.. ..... 
1914 ....... 
1915 ....... 
1916.. ..... 

....... 

1911.. ..... 

1917.. ..... ....... 

solid line in this graph shows the number of days required 
for corn to come up at Wauseon, Ohio, for the period 
from 1883 to 1912, while the dash line shows the average 
daily temperature in excess of 55" (F.) (luring the period 
required, after planting, for it to a pea.r above ground in 

were made by Mr. Thomas' Mikesell, of 8auseon, Ohio; 
they appear in Supplement No. 2, MONTHLY WEATHER 
REVIEW, September, 1915. I t  will be noted that when 
the temperature averaged only slightly above 55"(F.), a 
comparatively lon time was required for ger- . 
above, corn came up usually in about seven 
davs or less. 

Some interesting results are obtained froni a 
study of the thermal constant for spring wheat. 
This done of the staple crops is usually planted 
before the advent of the regetative period, 
which corresponds to a normal daily tempera- 
ture of 6°C. (42.S"F.) As previously stated, 
seeding usually begins in the mestern portion 3 
(Dakotas and Nebraska) of the spriiig-wheat 8 
belt when the mean daily temperature rises to 
37O(F.) and in the eastern (Minnesota ani1 

. Wisc.onsin) when 4Oo(F.) is reached. (!om- 
puting the thermal constaiit from t h e  teni- 
peratures until the beginning of linrvrst for 
different portions of the belt, we &id thr fol- 
lowing results : Bismarck, N. h k . ,  2TOO"I E'.) : 
H ~ ~ ~ ~ ~ ,  s. ~ ~ k .  26yoo (F. ~ , f ~ ~ ~ l ~ ~ ~ ~ l ,  ~ i , ~ ~ ~ ~ ,  
2660°(F.): and Madison, Wis., 2300"(F.). It 

germinat.ion is effected is one of considerable importance 
in studying the relation of air teni erature to planting 
dates as outlined on the basis of t R e Wauseon records. 
Observations of soil temperature a t  Lincoln, Nehr., 
niade duriw the period from lSS8 to 1903, published in 

Esperiment Station, Januaiy, 1903, pages 95-102, show 
that the soil tem erature durin the spring months at 2 or 

degrees higher than that of the air. At this season of 

each year. The records on whic f i this raph is hasecl 

mination, but wit1 !? an average of 65" (F.),or 

tmlie sixtecnt% annual report of the Nebraska Agricultural 

3 inches below t I: e surface at  t H iat point is usually 5 or 6 

JIG. 3. N~IIIIIJLT of d : ~  trmi corn Idmitiny till Itkuits ali lmrpci 3 1 w c  the g n ~ i i i r ~  and the averwe dairv 
i'xress of l~,ini,crutiirr:ilJr,~r 55'Inrthost~il:iys i i i  wc!i nw. Frioin rrrq-rds iixidt~ by Mr. l'hiimas Mikcsell 
at L\'\'uiisviun, t>hiij i.rwilrris wrrv incouldvie tor IYMJ, iwr. :uid PJU:II. [- h g s :  .... temper:itiirs.l 

Inwa. Illinnis. 

AWN- %$- Condi- mil- Cnndi- 
lated tion of laten tfon of 

temper- corn. temper- com. 
ature. aturs. 

_- - - 
?RR 

345 
3R3 

6?1 fils in5 

49s 
516 615 1B1 
303 
2s5 
330 417.5 n.i 

will be! noted that these are niuch higher than for thc 
other crops discussed, if we consider for corn tlie aver- 
age variety grown in the central c1istrict.s. However, 
if we compute the thermal constant for s ring wheat 
from a 43"(F.j temperature base, or the Reginning of 
the vegetative period, the following results are obtained : 
Bismarck, 1970°(F.); Huron, 1970"!F.); hloorheacl, 
1940°(F.); and Madison, lBPO"(F.), which is in agree- 
ment with tlie values for other crops consic1erc.d. 

TABLE 3. -~~1~1~.?1t i~ la led  tevi cmtirre about. .5.P(F.) for lhc ?iioii.th o j  
Jiow, and the c o d t w n  ofcorn on Jiily 1 .  mprcawd in pcrcentngf of 
the average condition for the 18-year period 190.3-1918, U P  wportcrl by 
the Bwtau of Crop Estinintes, Dcpnrti)ient of Sgricit l trtrr.  ( S w  
jigitrm 16 to 19.)  

Indkiiia. lJlii.8. 

A m i -  
mn- 

ratpa 
tomper- 
atore. 

2.4.2 
4w 
4% 
444 
31s 
*:ti 
4.53 
127 
477 
34% 
444 
4x3 
1.54 
dl 
3% 
414 

__ 

The question of the difference in air temperature and 
the temperature of the soil near the surface where 

-- 
1 Ibid.. eI. also J. B. Kinoer, IN. cit. 

the year the normal rise in air tcni crnturc is ahout 10" 
(F.) ti month; heiicc, with this di E erence between the 
soil and air temperatures, the former would rise to a 
given value about two weeks earlier than the latter. 

Saclis determined the minimum, optimum, and maxi- 
nium teniperaturcs for pnnination of whent, barley, 
pumpkins, beans, aiicl corn to be as follows: 

. ................... ..... I_ - - ~ - ~ . ~  -. .- .. 

I 1.: a I.: 
Whcat.. ......................................... ins. s 
nark). ........................................... *<. 7 9!1. Y 

........................................ 115.2 
115.: 

Punlpkin 
neana.. .......................................... 
( ' m i .  ............................................ 49.1 02. I 115.2 

___ .-..__.__~_..I.___-___-_.. 

I t  appears fnmi thn ahove, niicl the conclusions of other 
. iiirestbators, t.hat the optimum temperature for a con- 
siderd?e number of p1ant.s is between S3" and 95"(F.). 
Til considering t,lie niininiuni temperature of germi- 
nation in its re1nt:lon to safe or usual planting dates 
from year to year, however, t,he short period fluctuations, 
or temperature vsriabili ty, plays an important part. 
The c.haracteristic alt,ernations of cool and warm periods 
serve in the long run t.0 advance the date of the normal 
daily teniperat,ure st which gerniination will take place 
to a season eiirlier than planting can safely be accom- 
plished. If corn, for esaniple, should be planted in 
spring tis soon a.s the soil t,eniperature rises to 49O or 
50"fF.I. or even the nornial air temperature rises to 
that value, there would oft.en follow a period too cool 
for germination, resulting in the deca of seeds. 

H. R. Reed, of the Bureau of Plant Industry, to deter- 
mine the effect of weather on the growth of sorghums 

Some experiments liare been made x y H. N. Vinall and 

I From Vinall. H. N., and Reed. R. R.. "Effect nf temperature and nther nleteoro. 
logical factors on the growth of sorghums," Jour. hgr. Research, 191Y, 13: 133-147. 
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under widely varyin climatic c0nditions.l Observa- 

Bard, Chula Vista, and Pasadena, Cal. ; and Chillicothe, 
Tex. 

(1) Sorghum is semitropical in its adaptations and 
does not thrive in regions of low temperatures. 

(2) Sunshine is probably an important factor of growth, 
as evidenced by the difference of growth a t  Chula Vista, 
Calif., and Puyallup, Wash., where the mean tempera- 
tures and the total positive heat units available are but 
little different. 
(3) The “ physiological constant’’ for the ripening 

phase of sorghums according to Linsser’s law of growth 
is about 0.53. 

(4) Extremely high temperatmures during the eriod of 

tions were made a t  #u yallup, Wash. ; Chico, Berkeley, 

The authors summarize as follows: 

flowering and fruitin result in a decreased yiel cp of seecl. 
( 5 )  The date of p P mtiiig should be so nrrangecl that 

germination and early growth of the p1ant.s will take plnce 
during the period of high temperatures, and the flowering 
and fruiting when more mogerate temperatures prevail. 
(6) Adverse weather conditions affect such supposedly 

stable characters as the number of lenves per plant, ns 
well as the volume of growth. 

Linsser’s law and its application to the nistter in hnnd 
are aiven as follows: 

“Yn two different localities the sums of positive clnily 
temperatures for the same phase of vegetntion is propor- 
tional to the minual sum total of all positive temperatures 
for the respective locali t,ies-t.lint is, the heat required in 
any locality to produce a given phase of development in 
vegetation bears R constant ratio to t,he total positive 
heat, units available in thiit place. This ratio has been 
styled the ‘‘ physiological constant.” If 50” (F.) is con- 
sidered as the niinimuni temperature for growth in the 
so hums, the yearly total of positive heat units a t  
Ch?licothe in 1915 was 5618” (F.); a t  Bard, 1915, 7989”; 
and a t  Chula Vista, 1916, 3600”. The positive heat unit 
required to bring the sorghums to maturity a t  Chilli- 
cothe were 3028” (F.), at Bard, 4236”, and a t  chula Vista, 
1,895”. It appears, therefore, that the physiological 
constaat of sorghum for the period from planting to nia- 
turity is about 0.53. The conformance of the sor hums 
in these three cases to Linsser’s law is rather remaiable, 
the esact ratio in each case being as follows: 
Chillicothe.. . . . . . . . -. . . . . -. -. - - . . . . . . -. . -. - 3,025; 5,618; or 0.539 
Bard . _____  ___._. . -. . - - -. - - . . . . . . . . . . . . . . . -. - 4, ?3G; 7,989; or 0.530 
Chula Vista ____..._. -. -. . . . . . . -. . -. -. . - -. . -. 1,595; 3, GOO; or 0. 5’2G 

1 Ibid. 

“Althou h Linsser’s law seeins to furnish a rule for the 

not take into account the effect of sunlight and other fac- 
tors, which are also important.” 

Prof. Livingston has proposed a method by which both 
t.he moisture and temperature factors as affecting the 
growth of plants may be expressed as a single numerical 
value. The index thus proposed is the product of three 
factors-rainfall, eva oration, and temperature. (See 
Physiological Researc l es, vol. 1, No. 9, May, 1916, where 
the method employed is set forth in detail.) The indices 
moposed by this method are simply the product obtained 
Ly multiplying Transeau’s rainfall-evaporation ratio or 
the ratio of annual rainfall to annual evaporation for the 
period in question, by the summation indes of tempera- 
ture efficiency for the same period. He emplox the 
physiological indices of temperature as derive2 from 
Lehenbauer’s results. This system, which takes into 
account the general princi , le of temperature minima, 

scribed in Physiological Researches, volume l, No. 8, 
ptiges 399-430, April, 1916. 

A chart is presented in volume 1, No. 0 (ibid.), showing 
for the average frostless season a climatic zonat.ion of the 
United States, based 011 tlie moisture-temperature 
indices 8s thus computed. The chart shows a very high 
potential climntic efficiency in the Gulf Coast region, 
where the supply of heat and moisture is great and the 
frostless season h a ,  with rapid decrease northward and 
nort~iwest~~.ilrcl. TTle indices range numerically from 
23,000 in central Florida, to about 200 in portioiis of tlie 
central plabenu district,s of the West. 

The high value of climatic efficiency obtained in the 
more southern localities by the Livingston method is 
due lwgely to the long frostless season in that area and 
the method used in combining the moisture and tem- 
perature factors. By taking the roduct of the two 

rapidly wit,li ai1 increase of either factor and much more 
rapidly when both factors are raised. Thus, an increase 
of 100 per cent in one factor elevates the final result by 
a like amount, while an increase of 100 per cent in both 
factors results in an indicated climatic efficiency value 
fourfold greater. 

behavior o r! sorghums in respect to temperature, it does 

optima, and niasima, as re P atecl to plant growth, IS de- 

factors for n given period the resu P ting values increase 

- 
I Tr;msenu E. N.. Forests 01 Eastern Amerira. Amer. Nat. 39: 8i5-SBR. 1905. 
zlehhcnhatkr, P. A., Growth of maize seedlings In relation to temperature, Phps. 

Res. 1: 917-255, 1814. 

A GRAPHIC SUMMARY OF SSASONAL WORK ON FARM CROPS. 

By 0. E. BAKER, C. F. BROOHB, and R. Ci. HAINSWORTH. 
[Separate 755, Ycarhook, U. S. Dept. Agrir., 1917 (,lip. 537-5,SY. 80 figs.). Alistractrd and disrussrd.] 

“This study contains maps showing the dates when beans, tobacco, Elberta peach, Ben Davis apple, straw- 
planting, harvesting, and other operat,ions are performed berries, and tomatoes. 
in the culture of the staple crops in different parts of the In preparing these maps, “ the dates for eac.11 operation 
United States, and also graphs showing the seasonal dis- were entered froni the schedules returned by the town- 
tribution of labor by 10-day periods on typical farms in ship rcportcrs on large county outline maps of the States. 
several important agriculbural regions. Inscriptions The altit,ude reported on each schedule was indicated 
under the maps afford informatmion as to the hours of also. In niaking the general maps showing dates by 
labor per acre re uired in growing the staple crops in isochronal lines, a strict use of the individual reports was 
various sections o P t.he country.’! not possible. This is because there is for many crop 

Fifty-four maps show the usual dates when the moat operations a, wide ran e of dates in the reports received 
important operations are performed on winter wheat, from a county. Sucf differences are due (1) to the 

wheat, winter oats, spring oats, corn, kafir corn, physical conditions, such as temperature, slope, dram- 
:ctt%y, and clover, alfalfa, cotton, early potatoes, l a b  a e, and soils on each farin: (2) to the individual practice 
potatoes (northern commercial crop), sugar beets, field o K the farmer; and (3) to the difficulty of estimatillg for 


